Abstract : Two characterisations methods in microwaves are presented. They permit to obtain IS*, Rs and h for a HTS film without the need of any theoretical model for the superconductivity. The best film tested exhibits at 35GHz and 78K a Rs value of LO&. at least three times lower than the copper one. A quasi-integrated oscillator has been realised on a lcm2 area: it oscillates at 12GHz and close to liquid nitrogen temperature. At lower temperatures an output power of +3&m and a phase noise of -100&cMz at JOOkHz from the carrier have been recorded.
INTRODUCTION
Microwave properties of high critical temperature superconducting (HTS) materials are particularly attractive in order to realise components and devices working at liquid nitrogen temperature. In particular passive components such as resonators, filters and active devices such as oscillators are being developed. In this view the electrical characterisation of HTS materials is an essential step to develop superconductor electronic devices. First of all, the information obtained are very usefbl to improve the microwave properties of the as deposited HTS films. Secondly, there is a need of experimental data in order to simulate superconducting components with commercial (or in house) softwares. Microwave characterisations comprise the complex conductivity o* = 01 -joz, the surface resistance R, and the penetration depth h of the electromagnetic field. In this paper we show that it is possible to determine these parameters with two independent methods based respectively on transmission and on resonance. We then present some results concerning the realisation of a quasi integrated oscillator using both a field-effect transistor and a HTS film.
EXPERIMENTAL
The HTS film characterised is referenced Dl56 : it is an YBazCu307 film with a thickness of 400nm deposited on a 250pm thick MgO substrate on an area of 25x25mm2. The deposition method (laser ablation) is described in detail elsewhere [I] .
The microwave measurements have been made with a vectorial network analyser HP 85 10B coupled to a liquid nitrogen cryostat or a helium gas closed cycle cryogenerator using cryogenic cables equipped with SMA 2.9 connectors. In order to take into account the thermal evolution of the attenuation of the cables, connectors and of the measurement cell we perform a calibration between room temperature and 77K. The calibration is either a TRL one (thru, reflect, line) for the measurement with waveguides or only a transmission one for the measurement in cavity with coaxial cables.
The characterisation of the oscillators has been made with spectrum analysers (HP 8563 and TEK 492 BP) working up to 26.5GH.z.
CAVITY MEASUREMENTS
We have realised a copper cavity resonating at about 35GHz. The cavity is a conical one as this geometry presents two advantages. The first one is that the conical cavity permits to characterise samples down to an area of 10x10mm2 which is hardly possible with a 35GHz cylindrical cavity. The second advantage over a cylindrical cavity is to naturally lift the degeneracy between the TEoll and the TMlll modes. We have Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1996359 chosen the TEoll mode as it gives the highest quality factor : its excitation is realised with two loops situated at the end of semi-rigid cables. The resonant curve obtained at room temperature is given figure 1. The corresponding quality factor is about 12000. The sample Dl56 has been sawed in 15x15mmz in order to fit the bottom and top diameter of the cavity (9.5 and 13mm respectively). Two measurements have been made by replacing either the bottom end or the top end of the cavity by D156. At a given temperature, the value of the quality factor depends on the diameter covered by the HTS film. However a unique value of the surface resistance is inferred which guarantees the validity of the two measurements. So we present only the results obtained with Dl56 covering the larger diameter. The evolution of the amplitude of S~IR, transmission coefficient at resonance, is given figure 2, as a hnction of temperature. AT 91K S 2 l~ starts to increase which corresponds to the beginning of the superconducting state. A drastic increase of 17dB of transmission between 9 1~ and 82K is linked to the transition from the normal to the superconducting state. The width of this transition is quite large but it is usual in microwaves where the bulk of the film is tested contrary to measurements with DC current sensitive only to percolative effects. From the resonance curve it is straightforward to deduce Qo, unloaded quality factor of the cavity [2] . The evolution of Qo is shown figure 3 for Dl56 and copper : for the HTS film, Qo drastically increases from 91K. It can be noted that at about 80K the quality factor of Dl56 is higher than the copper one : it reaches about 25000 at liquid nitrogen temperature. From the Qo values of Dl56 and copper the sheet surface resistance &o of Dl56 can be evaluated and compared with the bulk surface resistance of copper. As seen figure 4 the striking point is the decrease of ko by a factor of 100 from 91K to 75K. In view of applications it is interesting to note that under 80K the surface resistance of the HTS film is inferior to the copper one. 
WAVEGUIDE TRANSMISSION MEASUREMENTS
The transmission method consists, in microwaves, of measuring the amplitude z and phase 4 of the transmission coefficient through the sample which covers the cross section of a rectangular waveguide [3] .
From these measurements one can deduce the complex conductivity a* = 01 -jo2 of the superconducting film. The sample is located between the flanges of two waveguides operating in the K band (18-26GHz) : the sample size is 13x7mm2. It has been sawed beside the sample for the cavity measurements.
The evolution of T and 4 is given figure 5 as a finction of temperature at 22GHz. Drastic variations of these parameters are observed from 92K linked to the superconducting transition stated in accordance with the cavity measurements at 35 GHz. The components ol and a2 of a* computed from z and 4 [4] are presented figure 6 at 22GHz. The real part of a* shows a peak in the superconducting transition : its origin is probably extrinsic and can be related to the granularity and /or inhomogeneous composition in oxygen (thus in Tc) of the film. The existence of this peak has also been reported in the literature at other frequencies [5] . The imaginary part of o* is characteristic of the superconducting state : 02 is null from 293K to 92K and then increases drastically up to 2.5 x 10' S/m at 85K. showing the metallic character of the YBaCuO film in the normal state as described by the skin depth law. The penetration depth decreased largely under 92K and a value of 440nm is obtained at 85K. It is not possible to deduce the London penetration depth at OK because the limit of sensitivity of the measurement set up is reached at 85K. The surface reactance Xs is always largely superior to the copper one. So this parameter is without interest, contrary to the surface resistance. & is shown figure 8 at 22GH.z and also at 35GHz from & = coth(d/h) with ho given figure 4 , h from figure 7 and d = 400nm. In the superconducting state the shape of the 2 curves is the same in a first approximation, but at a given temperature an important deviation is observed. This can be well explained by three reasons :
-it is admitted that RS is proportional to the square of the frequency.
-a gradient temperature of some degrees is possible between the two measurements set up.
-the superconducting properties are not homogeneously distributed over the film of initially 25 x 25mm2 area.
Nevertheless at 35GHz and 78K, & = lOmR which scales at lOGHz a value of 0.8mR. This value shows the good quality of Dl56 in view of applications, as it is at least sixteen times less than the surface resistance of copper. 
QUASI-INTEGRATED OSCILLATOR
We have described previously [6] the principle and preliminary results on a 12GHz oscillator based on a GaAs transistor assembled with HTS passive components. The technological realisation was essentially a classical hybridation of the transistor with gold bonding wires to the circuits (HTS resonator and metallic matching network). The next step we present here is the realisation and characterisation of a quasi integrated oscillator on a LaA103 single substrate, 500pm thick and of lcm2 area. The integration of the HEMT transistor, key part of the work, is realised by Flip-Chip or Epitaxial Lift Off @LO) after deposition and patterning of the HTS film (300nm thick) at IMEC [6] . The chosen oscillator configuration is in reflection mode with an YBaCuO ring resonator inserted in the gate of the transistor (see the design figure 9). Two oscillators realised with the two integration techniques have been characterised: frequency, output power and phase noise as a function of temperature and biasing. For the characterisation a second YBaCuO film is mechanically clamped under the LaA103 substrate to act as a ground plane. The test fixture, with K connectors comprises a gold coated cover with a height of about 500pm over the oscillator circuit. The results and performances of the two oscillators are very similar : the starting of the oscillations is observed near 75K. An example of the oscillation peak obtained at 70K for the E L 0 oscillator is given figure 10. In the following we present the results obtained with this oscillator. The frequency evolution is given figure 1 1 at low temperature as a function of the drain voltage and a gate voltage of -0.2V. In a first approximation the oscillation frequency is constant and close to 12GHz as expected.
ATTEN l
The evolution of the output power is temperature and biasing dependent : the power increases when the temperature decreases (see figure 12 ) and when the drain voltage increases (see figure 13) . At low temperature the maximum power is obtained for Vg, = -0.2V and Vds = 3V. The phase noise is weakly temperature and biasing dependent. The phase noise is improved as expected when the temperature is decreased. The best phase noise value -9OdBctHz at lOOkHz from the carrier is obtained for Vg, = -0.2V and Vd, = 1V (see figure 14) . Then for the drain biasing a trade off is necessary between the output spectrum and the phase noise.
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Figure 11: oscillation frequency as a function of biasing. In terms of phase noise the performance was slightly better with the Flip-Chip : -100dBc/Hz at 100kHz from the carrier. This results compares favourably with the phase noise obtained for similar oscillators published in the literature. Nevertheless this result is still inferior to dielectric resonator oscillators (DRO)
working at room temperature (usually -12OdBc/Hz at 100kHz). This can be explained by two facts :
i) the DC characteristics I(V) of the transistor showed that it was somewhat damaged after transplantation : the gate contact is ohmic whereas it should be rectifier and the pinch off voltage is not completely observed. ii) the superconducting properties of the YBaCuO film have been degraded by the whole process as the Tc was reduced by about 10K (90K for the as deposited film, 80K for the oscillator). Finally we are convinced that the performances of our quasi integrated superconducting oscillator could be improved and for the phase noise compete with the one of commercial DRO's.
CONCLUSION
In this work we have focus on the microwave properties and potential applications of copper oxide superconductor thin films. For a findamental point of view two characterisation methods have been developed in order to obtain the complex conductivity, the surface resistance and the penetration depth. Improvements still have to be made in terms of sensitivity, frequency and temperature ranges. In view of applications at liquid nitrogen temperature we are able to test the quality of a HTS film. We have also uresented the feasibilitv of an oscillator based on a patterned YBaCuO film and a HEMT transistor transplanted on it. The performances obtained are encouraging but an important work has still to be made in order to realise superconducting devices for the electronic market.
